Introduction
Magnesium alloys are light-weight structural metals with high specific strengths, which have been used in transportations and mobile electronics for weight-saving. However, due to their poor formability, die casting has been the most popular process for making the parts until now. But in the future, the die casting process may not meet a new demand for lighter, thinner, stronger, and more complex shape applications. This is why the study of wrought magnesium alloy is so active these days.
Magnesium wrought alloys exhibit greatly extended properties compared to die casting alloys, not only improved mechanical properties and more balanced strength but improved ductility, so that thin components can be produced by extrusion, rolling and other thermal forming processes. 1) Direct chill (DC) casting has been the most popular process for several decades to make magnesium billet and slab. However, other types of continuous casting process for making magnesium plate directly from the melt have been studied; twin roll casting, horizontal continuous casting and single belt casting processes. [2] [3] [4] Strip casting process combines casting and hot rolling into a single step, with advantages of low equipment cost, low running cost, energy saving and space saving.
5)
Twin roll casting is a near-net-shape rapid solidification process combined with hot rolling which can directly produce thin strips from molten metal. It is believed that strip casting-annealing is a promising route to produce magnesium alloy strip directly with low cost and high productivity. In twin-roll casting process the molten metal was solidified starting at the point of first metal-roll contact and ending before the kissing point. Generally, high speed cooling rate is regarded as beneficial effects to reduce segregation, refine grain size and improve Mg 17 A1 12 morphology and distribution states. 6) However molten magnesium alloys are ignited without the melt protective gases during melting and casting process due to their high reactivity. Melt protective gases such as SF 6 and NovecÔ612 should be used in order to prevent the ignition of molten magnesium during melting and casting. However, the use of these gases are limited because of theirs significant impact on non-global warming potential. If gas concentration increases during melting, it has also bad influence on corrosion resistance of steel based equipments. In order to reduce the use of melt protective gases, many researchers have performed studies to improve the ignition resistance of magnesium through alloying to magnesium alloys. This paper discussed the effect of CaO on AZ31 magnesium alloy strip in terms of microstructures and mechanical properties. The previous studies show that the addition of CaO is the effective way to improve the ignition and oxidation resistance of magnesium alloy 7, 8) and that magnesium melt can be handled during casting without protective gas in spite of adding small amount of CaO.
9)

Experimental Procedures
AZ31 magnesium alloy were prepared in a steel crucible heated to 700 C in an electric resistance furnace under protective gas (1% SF 6 with CO 2 ). The desired fraction of CaO particles was added with a feed rate 10 g/min. In order to avoid a big temperature change during the addition of the particles, the particles were preheated to 200 C prior to addition. The CaO added melts prepared by conventional melting and casting were cast into a mold preheated to 200 C. The alloys chips were prepared from the as-cast billets by drilling without cutting oil for ignition test. Chips on a copper boat were inserted into an electric resistance furnace at 720 C in an ambient atmosphere. Temperature change was monitored by a thermocouple equipped with a copper boat and the ignition was detected by abrupt temperature rise. The obtained ignition temperatures were based on the average of 10 tests.
CaO added AZ31 magnesium alloy was manufactured in order to reduce protective gas during melting and without protective gas during strip casting. The experiments were carried out in a pilot vertical type twin-roll caster with two rolls were preheated to 150 C. For optical examination, the samples were sectioned, cold mounted, polished with 1 mm silicon dioxide paste, and finally etched in acetic picral (5 mL acetic acid+6 g picric acid+10 mL H 2 O+100 mL ethanol). In order to observe the change of the microstructures by CaO addition, the AZ31 and CaO added AZ31 magnesium alloy strip samples were observed by optical microstructure (OM). Hardness tests were conducted on the as-received strips using a vickers hardness tester. Figure 1 shows the effect of CaO on the minimum amount of protective gas not to make burning during melting process in AZ31 magnesium alloy. The results were obtained in both sealed and unsealed conditions at the melt temperature of 720 C for AZ31 and CaO added AZ31 magnesium alloys. In the sealed condition, CaO addition was effective in reducing protective gas. In the sealed condition for 0.1 mass%CaO added AZ31 magnesium alloy, the minimum amount of protective gas could be greatly reduced at the concentration of 100 ppm. Also in the sealed condition for 0.3 mass%CaO added AZ31 Mg alloy, the minimum amount of protective gas could be greatly reduced at the concentration of 50 ppm. These results demonstrated well that CaO added AZ31 magnesium alloys could be manufactured with reduced protective gas during melting. The previous study shows that the minimum amount of protective gas depends on alloy composition. 7, 8) In Fig. 2 , the surfaces of as-cast AZ31 and CaO added AZ31 magnesium alloys were shown. Although AZ31 magnesium alloy was cast under protective gas, burning oxides and tarnished surface appeared on the surface as shown in Fig. 2(a) . On the contrary, no burning oxides and shiny surface appeared in CaO added AZ31 magnesium alloy, although it was cast without protective gas, as shown in Fig. 2(b) . Ignition of magnesium and magnesium alloys was occurred because of the porous surface MgO oxide films during melting and casting, which could not act as a protective layer to prevent further oxidation and ignition. Figure 3 shows the mechanical properties of AZ31 and CaO added AZ31 magnesium alloys in the as-received condition. The yield strength (YS), ultimate tensile strength (UTS) and elongation (EL) of AZ31 magnesium alloys were 81.6 MPa, 137.3 MPa and 8.14%, respectively. On the other hand, the YS, UTS and EL of CaO added AZ31 magnesium alloys were 90.6 MPa, 120.6 MPa and 5.48%, respectively. While the YS and UTS were comparable, the EL of CaO added AZ31 magnesium alloy was little lower than that of AZ31 magnesium alloy, due to the effect of Al 2 Ca particles present in the grain boundary eutectic regions. Figure 4 shows the surface conditions of AZ31 and CaO added AZ31 magnesium alloy strips. Fig. 4(a) show the surface condition of AZ31 magnesium alloy strip casting without protective gas; the surface was blackened and the material on the surface was believed to be magnesium oxide. In this case, the molten magnesium reacted with oxygen in the air when the strip left the rolls. To avoid creating magnesium oxide on the surface of the strips, protective gas was used as protective gas during strip casting of AZ31 magnesium alloys. Fig. 4(b) show the photograph of the surface when protective gas was used in strip casting. As shown in Fig. 4(b) , using protective gas effectively could prevent the formation of the magnesium oxide. Cracks were observed on the surface of strip castings due to the adulteration of impurities, which were made by oxidation and ignition during strip casting as shown in Fig. 4(b) . On the other hand, these cracks could not be observed in case of CaO added AZ31 alloy, as shown in Fig. 4(c) . This reason was that the addition of CaO could prevent the ignition of AZ31 alloy during strip casting. Figure 5 shows the microstructures of AZ31 and CaO added AZ31 magnesium alloy strips. There was no big difference in the both samples. The microstructures were also uniform in all the sections of surface and middle in the both samples. Figure 6 shows the hardness of AZ31 and CaO added AZ31 magnesium alloy strips in the as-received condition. Hardness tests were conducted on the surface and middle of AZ31 and CaO added AZ31 magnesium alloy strips using a micro vickers hardness tester. The vickers hardness values on the surfaces and middle were the same AZ31 and CaO added AZ31 magnesium alloy strips.
Results and Discussion
Conclusion
The feasibility study to manufacture CaO added AZ31 magnesium alloy strip was carried out in order to reduce protective gas during melting and to eliminate protective gas during strip casting. The minimum protective gas amount could be reduced to 50 ppm for 0.3 mass%CaO added AZ31 magnesium alloy in the sealed condition. Ignition of magnesium and magnesium alloys was occurred because of the porous surface MgO oxide films during melting and casting, which could not act as a protective layer to prevent further oxidation and ignition. Cracks were not observed in the case of CaO added AZ31 magnesium alloy strip. This was due to the fact that the addition of CaO could prevent the oxidation and ignition of AZ31 magnesium alloy during strip casting. The microstructures were also uniform in all the sections of surface and middle in the both samples. The vickers hardness values on the surface were the same for AZ31 and CaO added AZ31 magnesium alloy strips. The middle vickers hardness values of CaO added AZ31 magnesium alloy strip were little higher than those of AZ31 magnesium alloy. CaO added AZ31 magnesium alloy Effect of CaO on AZ31 Mg Strip Castings 979
